Abstract. The ability of frozen-thawed boar spermatozoa obtained from epididymides stored at 4 C for 1 day to produce piglets after Fallopian insemination or in vitro fertilization (IVF) of in vitro matured (IVM) oocytes was examined. To test their in vivo fertilization ability, frozen-thawed spermatozoa from 2 boars, which had already shown IVF ability, were introduced into the Fallopian tubes of estrus-synchronized gilts. Embryo collection on the 7th day post-insemination revealed that one of two batches of spermatozoa had an ability of fertilization in vivo and that fertilized oocytes could develop to blastocysts. Three of 6 gilts inseminated with one batch of spermatozoa became pregnant and one of them farrowed 2 normal piglets (1 male and 1 female). IVM oocytes fertilized in vitro by the same spermatozoa were transferred to 3 recipients (200 oocytes per recipient). One of them became pregnant and farrowed 5 normal piglets (3 males and 2 females). The results indicate that boar spermatozoa collected from epididymides stored for 1 day at 4 C and then frozen have the ability to produce piglets. The new cryopreservation protocol and reproductive technology described here can enhance conservation of boar genetic resources when the collection site of the epididymides is far from a laboratory.
T o conserve the genetic resources of domesticated and wild animals for future generations, we currently maintain living animals or store frozen germ cells, such as spermatozoa, oocytes and embryos, from them. The manpower and cost efficiency of repositories of cryopreserved genetic resources, or gene banks, is now attracting attention. With transgenic animals becoming established in recent years, gene banking has also become important for animal conservation. Protocols for freezing spermatozoa have already been established for many animal species and since the procedure is comparatively simple, it is used fairly frequently. Cryopreservation of spermatozoa thus seems to be a highly suitable method for stocking a gene bank. However, while we can collect and freeze ejaculated spermatozoa from livestock accustomed to the procedure, it is extremely difficult to do this with other animals, particularly wild animals.
The epididymis is an organ in which maturing spermatozoa are stored. Since frozen-thawed epididymal spermatozoa have fertilization ability in mice [1] and pigs [2] , we believe that cryopreservation of epididymal spermatozoa is an important method for conservation of animal genetic resources.
It is preferable that epididymal spermatozoa are collected and frozen immediately after isolation of the epididymides. However, this is not always possible because of a lack of technicians and instruments at the collection site. Storing or transporting epididymides at 4 C before cryopreservation is a potential method for temporarily preserving spermatozoa viability when epididymal spermatozoa can not be collected and/ or frozen. Such a methodology may be useful when a male animal suddenly dies on a farm or in a field far from a laboratory. It has been reported that spermatozoa collected from epididymides stored at 4 C for a few days can maintain their motility (pig [3] ; horse and shika deer [4] ) and that they can be frozen and retain the ability to fertilize oocytes in vitro (pig [3] ; monkey [5] ). The ability of frozen-thawed epididymal spermatozoa to produce offspring after Fallopian insemination (mouse [1] ) or in vitro fertilization (IVF) of oocytes matured in vitro (IVM) followed by embryo transfer (ET) (pig [6] ; cow [7] ) has also been reported. The combined protocol of cryopreservation of spermatozoa from refrigerated epididymides and reproductive technology described above may enhance conservation and multiplication of animal genetic resources.
In this study, we used porcine epididymides as a model and examined the ability of frozen-thawed spermatozoa from refrigerated epididymides to produce offspring after Fallopian insemination or IVM/IVF/ET.
Materials and Methods

Preparation of spermatozoa
The epididymides were refrigerated at 4 C, then spermatozoa were collected with Collecting Solution (Table 1 ) and frozen using Niwa and Sasaki Freezing extenders (NSF) ( Table 1) [8] as previously described [3] . Briefly, epididymides from 2 boars of Large White breed (Boar A and B) were collected at a local slaughterhouse. They were transferred to the laboratory at 25 C and placed in a plastic bag containing 20 ml paraffin oil (Mineral Oil, E. R. Squibb & Sons Inc., Princeton, NJ, USA) to prevent drying. The plastic bag was tightly closed, placed in water (2,000 ml, room temperature) and transferred to a refrigerator at 4 C. Cooling to 4 C lasted for about 6 h. The epididymides were stored at 4 C for 1 day. The spermatozoa were then extruded from the cauda epididymidis by air pressure from a syringe and collected using 30 ml Collecting Solution at 4 C. The solution containing spermatozoa was centrifuged at 1,200 × g for 10 min at 4 C and the supernatant was discarded. The precipitated spermatozoa (about 3 ml) were gently resuspended with about 5 ml NSF-I (4 C) and diluted with the same volume (8 ml) of NSF-II (4 C). Then the sperm suspension was transferred into 0.25-ml plastic straws (1.5 × 10 9 spermatozoa/ml). The straws were placed in liquid nitrogen vapor for 10 min and finally stored in liquid nitrogen.
Fallopian insemination
A straw with frozen spermatozoa was transferred into water at 37 C and kept there for 3 min. The spermatozoa were resuspended with about 10 ml The mixture was centrifuged at 1,600 × g for 15 min and then the supernatant was used as extender. b 1,000 U/ml penicillin G potassium and 1 mg/ml streptomycin sulfate. c Product from Noba Chemical Sales Inc., Scituate, MA, USA.
Beltsville Thawing Solution [9] at 37 C and concentrated (1.5 × 10 8 spermatozoa/ml) after centrifugation at 700 × g for 2 min. The sperm suspension (0.2 ml per gilt) was surgically introduced into Fallopian tubes from fimbria towards the uterus of 12 estrus-synchronized gilts (Boar A for 8 gilts and Boar B for 4 gilts) using a plastic catheter (Sovereign Tom Cat Catheter 3 1/2 Fr. , Sherwood Medical, St. Louis, MO, USA) under full surgical anaesthesia. The total number of spermatozoa per gilt was 3.0 × 10 7 . Estrous synchronization was carried out as previously described [6] . Briefly, 1,000 IU eCG (PMS 1,000 IU, Nihon Zenyaku Kogyo, Koriyama, Japan) and 500 IU hCG (Puberogen 500u, Sankyo, Tokyo, Japan) were injected to prepubertal gilts 115 h and 44-42 h prior to the insemination, respectively (Fig.  1) . The day of Fallopian insemination (or IVF/ET) was defined as Day 0 in this study. On Day 7, embryos were collected from 3 inseminated gilts by uterine flashing. The pregnancy of the other 9 gilts was monitored by an ultrasound pregnancy detector (Medata Systems Ltd., England) on Day 29. Pregnant females were allowed to go to term.
IVM, IVF and ET
IVM was carried out basically by the method of Funahashi et al. [10] . Porcine cumulus-oocyte complexes from slaughterhouse ovaries were matured in NCSU-37 solution [11] modified with 10% (v/v) porcine follicular fluid, cysteine (0.6 mM), dibutytyl cyclic AMP (dbcAMP; Sigma Chemical Co., St. Louis, MO, USA) (1 mM), eCG (Nihon Zenyaku) (10 IU/ml), hCG (Sankyo) (10 IU/ml), penicillin G potassium (Sigma) (100 U/ ml) and streptomycin sulfate (Sigma) (0.1 mg/ml) for 20-22 h. They were subsequently cultured in the NCSU-37 solution without dbcAMP and hormones for 24 h. The culture was carried out at 39 C under 5% CO2 in air.
IVF was carried out as previously described [12] . After thawing at 37 C, the spermatozoa were preincubated for 1 h in Medium 199 which had been adjusted to pH 7.8 [2] . A portion (10 µl) of preincubated sperm was introduced into 90 µl fertilization medium, Bracket and Oliphant solution [13] supplementing with bovine serum albumin (BSA; Fraction V, Sigma) (10 mg/ml), caffeine (Sigma) (5 mM) and casein phospho peptide (Meiji Seika Kaisha, Ltd., Tokyo, Japan) (1 mg/ml) containing 10 IVM oocytes surrounded by expanded cumulus cells. The final sperm concentration was 1 × 10 6 /ml. Insemination was carried out for 5 h. Some of the inseminated oocytes were subsequently cultured in NCSU-37 solution with BSA (4 mg/ml) at 38.5 C under 5% CO2 and 90%N2 for 5 h or 7 days to evaluate the incidence of fertilization or blastocyst formation, respectively. The other oocytes were transported to a farm at 37 C in NCSU-37 solution after supplementing with BSA (4 mg/ml) and HEPES (25 mM), and adjusting osmolality to 0.28 osmol/kg. At 8 h postinsemination, 200 inseminated oocytes per recipient were transferred into the Fallopian tubes of 3 recipients as described previously at 48-46 h after hCG injection (Fig. 1) . Pregnancy was diagnosed on Day 29 and pregnant females were allowed to go to term. 
Results
Fallopian insemination
The Motility of frozen-thawed spermatozoa from both Boar A and B was poor compared to their motility before freezing. The spermatozoa were, however, considered to be excellent for insemination. Frozen-thawed spermatozoa from Boar A and B were inseminated into the Fallopian tubes of 12 recipients ( Table 2 ). The embryo collection revealed that spermatozoa from Boar A had in vivo fertilization ability. However, Boar B did not show any fertility. Spermatozoa from Boar A enabled pregnancy, and the farrowing rate was 16.7% (1/6). The developmental rate from oocytes to piglets was estimated to be 2.2% (2/90) after a calculation based on the total numbers of ovulations in the recipients (data are not shown).
IVF and ET
The penetration rate of frozen-thawed spermatozoa from Boar A had already been shown to be better (15.4%) than that from Boar B (6.0%) in a previous study [6] so we used the spermatozoa only from Boar A for IVF and ET experiments. Culture and evaluation of oocytes after the IVF with spermatozoa from Boar A revealed that percentages of normal fertilization (monospermy with a single male pronucleus) and blastocyst formation were 11.4% (4/35) and 2.4% (2/84), respectively. The other IVF oocytes were transferred to 3 recipients. One of them became pregnant and farrowed 5 normal piglets (Table 3 ). The farrowing rate was 33.3% (1/3). The developmental rate from oocytes to piglets was calculated as 0.8% (5/600).
Discussion
We have succeeded in the production of piglets after both in vivo and in vitro fertilization using frozen-thawed spermatozoa from an epididymis stored at 4 C for 1 day. Farrowing or developmental rates after Fallopian insemination or IVM/IVF/ET, however, were quite low. This low reproductive ability is caused by low competence of the spermatozoa on fertilization both in vivo and in vitro, which seems to lead to poor development of fertilized oocytes to the blastocyst stage. Frozen-thawed spermatozoa without refrigeration before freezing in our IVF system are showing 30% for normal fertilization and 15% for blastocyst formation, resulting in higher developmental rate from oocytes to piglets (4.5% [6]). It is suggested that spermatozoa in epididymides during refrigeration retain minimum ability for fertilization, which differs depending on the boar as with ejaculated spermatozoa. Boar epididymal spermatozoa can be frozen and used for IVF [2] . Normally, before freezing, they are diluted with extenders at a temperature of between 15 C and 4 C, then gradually cooled to 4 C and cryopreserved, using the same procedure as for ejaculated boar spermatozoa (reviewed by Bwanga [14] ).
Sperm must be collected immediately after the isolation of epididymides. However, this is not always possible because of a lack of technicians and instruments at the collection site. Our previous data [3] demonstrated that spermatozoa collected from boar epididymides stored at 4 C for up to 3 days show anti-cold shock features in their motility and that the frozen-thawed spermatozoa have an ability for IVF. In this study, normal piglets were produced by Fallopian insemination or IVM/IVF/ET using spermatozoa from an epididymis stored at 4 C for 1 day. The results of these experiments suggest that refrigeration of epididymides before freezing does not affect fetal normality after in vivo or in vitro fertilization. In many countries, low temperature transportation is available to deliver epididymides within 1 or 2 days after their collection. The new cryopreservation protocol and reproductive technology described here can enhance conservation of boar genetic resources when a boar dies suddenly far from a laboratory.
Sankai et al. [5] have similarly demonstrated, in monkeys, the IVF ability of frozen-thawed spermatozoa from refrigerated epididymides. Reproduction using frozen-thawed spermatozoa from refrigerated epididymides may be possible not only in pigs but also in other mammals. Combined methods of cryopreservation of spermatozoa from refrigerated epididymides and Fallopian insemination or IVF/ET should be a useful method for conservation and multiplication of both domesticated and wild animal genetic resources.
